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RBER AMPUHER HAVING MODIHED GAIN 
SPECTRUM 

BACKGROUND OF THE INVENTION 5 

The present invention relates to fiber amplifiers hav- 
ing means for selectively attenuating or removing un- 
wanted wavelengths to modify or control the amplifier 
gain spectrutn. ^ 

Doped optical fiber ampHflers consist of an optical 
fiber the core of which contains a dopant such as rare 
eanh ions. Such an amplifier receives an optical signal 
of wavelength X, and a pump signal of wavelength \p 
which are combined by means such as one or more 
couplers located at one or both ends of the amplifier. 
The spectral gain of a fiber amplifier is not uniform 
throu^ the entire emission band* 

The ability to modify the gain spectrum of a fiber 
amplifier is useful. Three modificaiions are of interest: 
(1) gain flancning, (2) changing the gain slope, and (3) 20 
gain narrowuig. Gain flattening is of interest for such 
applications as wavelength division multiplexing. A 
change in the gain slope can be used to reduce harmonic 
distortion in AM modulated opncal systems (see A. 
Lidgard et al. "Generation and Cancellation of Second- 
Order Harmonic Distortion in Analog Optical Systems 
by Interfcromctric FM-AM Conversion" IEEE Phot. 
Tech. Lett., vol. 2, 1990. pp. 519-521) Gain narrowing 
is of interest because although the amplifier can be oper^ 
ated at wavelengths away from the peak gain without ^ 
gain nanowing, disadvanuges occur due to: increased 
spontaneous-sponuneous beat noise, a reduction in gain 
at the signal wavelength because of amplified spontane- 
ous emission at a second wavelength (such as at 1030 
nm in a Nd fiber amplifier designed to amplify at 1300 35 
nm), and possible laser action at the peak gain wave- 
length. 

Various techniques have been used for flattening the 
gain spectrum. An optical notch filter having a Lorent- 
uan spectrum can be placed at the output of the erbium 40 
doped gam fiber to attenuate the narrow peak. A 
smooth gain spectrum can be obuincd, but with no 
increase in gain at longer wavelengths. 

Another filter arrangement is disclosed in the publi- 
cation. M. Tachibana et al. '^Gain-Shaped Erbium- 45 
Doped Fibre Amplifier (EDFA) with Broad Spectral 
Bandwidth**, Topical Meeting on Amplifiers and Their 
Applications, Optical Society of America, 1990 Techni- 
cal Digest Scnes. Vol. 13, Aug. 6-8, 1990, pp. 44-47. 
An optical notch filter is incorporated in the middle of 50 
the amplifier by sandwiching a short length of amplifier 
fiber between a mechanical grating and a flat plate. This 
induces a resonant coupling at a panicular wavelength 
between core mode and cladding leaky modes which 
are subsequently lost Both the center wavelength and 59 
the strength of the filter can bt tuned. The overall gain 
spectrum and saturation characteristics are modified to 
be nearly unifonn over the entire 1530-15<0 nm band. 
By incorporating the optical filter in the middle of the 
erbium doped fiber amplifier, the amplifier efficiency is «) 
improved for longer signal wavelengths. 

SUMMARY OF THE INVENTION 

An objea of the present invention is to fUnher hn- 
prove the efficiency of a fiber amplifier and/or tailor 65 
the spectral output of a fiber amplifier. 

The present invention relates to a fiber amplifier hav- 
ing spectral gain altering means. Fiber amplifiers con- 
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ventionally compnsc a gain optica] fTocr having a sin- 
gle-mode core containing gain ions capable of produc- 
ing stimulated emission of light within a predetermined 
band of wavelengths including a wavelength when 

^ pumped with light of wavelength V Means are pro- 
vided for introducing a signal of wavelength and 
pump light of wavelength \p into the gain fiber. In 
accordance with this invention* the fiber amplifier is 

10 provided with absorbing ion filtering means for attenu* 
ating light at at least some of the wavelengths within the 
predetermined band of wavelengths including the 
wavelength Xf. 
In accordance with a fir3t aspect of the invention, the 

15 absorbing ion filtering means comprises unpumped gain 
ions; this embodiment requires means for preventing the 
excitation of the unpumped gain ions by light of wave- 
length Xp. In accordance with a further aspect of the 
invention, the absorbing ions are different from the rare 
earth gain ions of gain fiber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a fiber amplifier in 
25 accordance with the present invention. 

PIO. Z i% A graph lihowing ihc gain spccir* of an 
erbium-aluminum-doped germania silicate fiber ampli* 
fier, 

FIG. 3 is a schematic illustration showing a first as- 
^ pea of the invention. 

FIG. 4 is a schematic illustration of an embodiment 
wherein pump light aaenuating means is in series with 
the gain fiber, 

^ J FIG. 5 is a graph illustrating the spectral transmission 
characteristic of an unpumped erbium-aluminum-doped 
germania silicate fiber that can be employed in the em- 
bodiment of FIG. 4. 
FIGS. 6 and 7 are graphs showing gain spectra and 

40 spectral transmission for a further mode of operation of 
FIG. 4. 

FIG. 8 illustrates a fiber amplifier in which the pump 
light attenuating means is an optical fiber; 

FIG. 9 is a schenuiic illustration of a reverse pumped 
fiber amplifier. 

FIG. 10 is a schematic illustration of a dual ended 
device. 

FIGS. 11, 12, and 13 and schematic illustrations of 
fiber amplifier embodiment in which the gain ion-dopcd 
signal filtering means is in scries with the gain fiber. 

FIG .14 is a schematic illusiration of a fiber amplifier 
embodiment in which the gain ioa-doped signal filtering 
means is distributed along the gain filter. 
55 FIG. 15 is a graph illustrating the radial distribution 
of signal and pump power within the gain fiber of FIG. 
14. 

FIG. 16 is a schematic illustration of a fiber amplifier 
embodiment in which the gain ion-doped signal filtering 
^ means is contained within a fiber that extends along the 
gain fiber. 

FIG. 17 is a graph illustrating the radial distribution 
of signal and pump power within coupler $3 of FIG. 16. 
^5 FIGS. 18 and 19 are schematic illustrations of fiber 
amplifier embodiment in which the absorbing ions of 
the signal filtering means are different from the gain 
ions. 
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DESCKIPTION OF THE PREFERRED 
EMBODIMENTS 

Fiber tmpUficn typically include i gain fiber 10 
(FIG 1), the core of which i» doped with gain loiw that 3 
are capable of producing stimulated emission of light 
within a predetennincd band of wavelengths including 
a waveJength Xs when pumped with light of wavelength 
X, that is outside the predetermined band. A wavelength 
divitton multipleaer (WDM) fiber optic coupler 11 can 10 
be used for coupling pump energy of wavelength 
from laser diode 15 asid the signal of wavelength X^from 
input telecommunication fiber 14 to gain fiber 10. Such 
devices art disclosed in U S. Pat Not. 4,931456, 
4,941.726. 4.955,025 and 4,939,837. Fusion spheres are 13 
represented by large dots in the drawinp. Input fiber 14 
is spliced to coupler fiber 13, tnd gain fiber 10 is spliced 
to coupler fiber 12. Splice losses are minimized when 
coupler 11 is formed in accordance with the teachings 
of copending U S. Patent Application Ser. Na 671.075 20 
filed Mar. 18. 1991. 

Various fiber fabrication techniques have been em- 
ployed in the formation of rare earth-doped amplifying 
and absorbing optical fibers, A preferred process, which 
U described in copending U.S. Pttent Application Ser. 25 
No. 07/713.348 filed June 14» 1991, is a modification of 
a process for forming standard tetecoramunication fiber 
preforms. In accordance with the teachinp of that 
patent application, a porous core preform is immersed 
in a solution of a salt of the dopant dissolved in an or- » 
ganic solvent having no OH groups. The solvent is 
removed, and the porous glass preform is heat treated to 
consolidate it into a non-porous glassy body contaming 
the dopant The glassy body is provided with cladding 
glass to form a draw preform or blank that is drawn into 35 
an optical fiber. The process can be tailored so that it 
results in the formaticm of s fiber having the desired 
MFD. The porous core preform could consist soley of 
core glass, or ii could consist of core ^ass to which 
some cladding glass has been added. By core glass is 40 
meant a relatively high refractive index glass, eg. ger- 
mania silicate glass, that will form the core of the resul- 
tant optical fiber. 

If the rare earth ions are to extend to a regnm of the 
resultant fiber beyond the core, then the porous core 45 
preform that is immersed in dopant containing solvent 
must contain a central core glass region and a sufli- 
ciently thick layer of cladding glasa. After the resultant 
doped, cladding-covered core preform hu been consol- 
idated, it is provided with additional cladding glass and 30 
drawn into a fiber. 

If too much rare earth dopant is added to a GeCh- 
doped silica core, the core can crystallize. Such higher 
rare earth dopMit leveb can be achieved without cryi- 
tallizatioa of the core glass by adding AljO} CO the core. 35 

As indicated above, it is somerimes dctirable to mod- 
ify the gain spectrum of a fiber amplifier. Since the 
erbium-doped fiber amplifier haa utility in communica- 
tion systems operating at 1550 nm, that fiber amplifier a 
specifically discussed herefai by way of example. The « 
invention also applies to fiber amplificn containing gam 
ions other than erbium, since the gain spectrum of such 
other fiber ampUfVers can also be advantageously mo^ 
fied. As shown by curve 29 of no. 2, the gain spectra 
of an erbium-aluminum-doped germama silicate fiber 63 
amplifier has peak around 1332 nm and a broad band 
with reduced gain to about 1S60 nm. It is sometimes 
desirable to reduce the 1532 nm peak to prevent the 
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occurrercc of such disadvantageous operation as wave* 
length dependent gain or gain (with concomitant noise) 
at unwanted wavelengths. Aliemativcly, it may be de* 
sirablc to provide the fiber ampiifier gain spectrum with 

5 a plurality of peaks so the amplifier can operate at a 
plurality of discrete wavelengths. 

In accordance with the present invention, the ampli- 
fier specual gain curve is altered by providing the fiber 
amplifier with filtering means 17 which includes absorb- 

10 ing ions that modify the gain spectrum by attenuating 
the amplified signal at various wavelengths in the gain 
spectrum. In accordaxice with a fint aspect of the inven- 
tion the absorbing iona are the same rare earth ''gam 
ions'' as the active gain ions in gain fiber 10; however, 

13 these absorbing gain ions must remain unpumped by 
light u wavelength Such unpumped '*gain ions'* can 
be located in a fiber that is in series with gain fiber 10^ or 
they can be distributed along the pumped gain fiber ions 
of gain fiber 10 but be located at a radius that is suffi- 

20 ciently greater than that of the pumped gain ions that 
they are subitaniiaUy unp;miped and yet influence the 
propagation of light of wavelength \j. This first aspect 
is further discussed in conjunction with FIGS. 2 
through 17. 

25 In accordance with a further aspect of the invention, 
the absorbing ions are different from the rare earth gain 
ions of gain fiber 10; such absorbing ions remain unex- 
cited when subjected to light at wavelength V 
absorbing ions can be positioned as follows: (a) they can 

30 be used to co-dope the gain fiber such that they are 
distributed along with the gain ions (optionally at the 
same radius as the gain ions), or (b) they can be incorpo- 
rated into the core of a fiber that is connected in series 
with gain fiber 10. This further aspect is further dis- 

35 cussed in conjunction with FIGS. IS and 19. 

In the figures discussed below, elements similar to 
those of FIG. 1 arc reprcscnied by primed reference 
numerals. 

FIG. 3 generally illustrates that embodiment wherein 

40 the absorbing ions are the same rare earth "gain ions'* as 
the active dopant ions in the gain fiber. The fiber ampli- 
fier system includes unpumped gain ion filtering means 
27 fcH- altering the amplifier spectral gain curve. The 
unpumped gain kms can be located in series with the 

45 pumped gain fiber ions of gain fiber 10'. or they can be 
distributed along the pumped gain fiber ions as dis- 
cussed below in conjunction with FIGS. 14 and 15. 

FIG. 4 shows that the unpumped gain ion filtering 
means can be located in series with the pumped gain 

30 fiber ions of fiber W. In the absence of an input signal 
at fiber U\ high levds of pump light can emanate from 
gain fiber 10*. Furtbcrraore, some fiber amplifiers, espe- 
cially those based on a three level laser system, are 
pumped at a power levd that is sufficiently high that 

35 some remnant pump light emanates from the output end 
of gain fiber lO'. The presence of pump light along with 
the amplified signal at output end 30 of gain fiber W is 
indicated by the arrow labeled X|+X^ Means 31 sub- 
stantially attenuates the remnant pump light, Le. only an 

60 insignificant level of pump light, if any, remama. How- 
ever, means 31 leaves the signal light at wavelength Xt 
substantially unanenuated, 1 e. it attenuates signal light 
less than about 0.3 dB. The arrow at the output of means 
31 is therefore Ubelled X,. A length 32 of fiber doped 

65 with gain ions is spliced to the output end of attenuating 
means 31. 

If fiber W of FIG. 4 has a germania silicate core 
doped with erbium and aluminum, for example, fiber 32 
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can also be doped wnh erbium or a combinanon of 
dopants including erbium. FIG. 5 shows chc spectnl 
cransmission characteristic of an opttcai fiber having a 
germania silicate core doped with aluminum and un- 
pumped erbium ions. The reduced transmission be* 5 
twecn about 1525 and 1560 nm is caused by the absorp- 
tion of light at those wavelengths by erbium ions. The 
depression in transmission curve 34 at 1532 am corre- 
sponds to the gain peak in curve 23 of FIG. 1 If fibers 
10' and 32 of FIG. ♦ are both co-doped with aluminum 10 
and erbium ions, the effect of absorbing fiber 32 will be 
to flatten the spectral gain curve of the resultant fiber 
amplifier (sec curve 24 of FIG. 2). 

If gain ion-doped fiber 32 of FIG. 4 had a germania 
silicate core doped with unpumped erbium ions, iu 15 
absorption spectra would be represented by curve 35 of 
FIG. 6. If fiber 10' had the previously described core 
whereby its gain spectra was represented by curve 23 of 
FIG. 2, the net gain spectra of the resultant fiber ampli- 
fier would be that of FIG. 7. Such an amplifier can 20 
operate at three discrete wavelengths along curve 36 
where peaks a, b and c arc located. 

The performance of the gain-ion doped filtering fiber 
may be improved by quenching the £r fiuorescence to 
minimize signal induced bleaching of the absorption. 25 
The £r fluorescence can be quenched by adding dop- 
ants such as B or OH to the fiber or by increasing the 
doping density of £r in the absorbing fiber, for example, 
to levels above 500 ppm in SiOi-GeOi fibers. 

Attenuaung means 31 of FIG. 4 cotild consist of a 3Q 
pump light reflector such as a fiber-type grating reflec- 
tor of the type disclosed in the publication: K.O. Hill et 
al. '^Photosensitivity in Optical Fiber Waveguides: Ap- 
plication to Reflection Filter Fabrication*" Applied 
Physics Letters, vol. 32, pp. 647-649, (197S). 33 

In the embodiment of FIG. 8, the pump light attenu- 
ating means is a fiber 38 that is spliced between gain 
fiber 10' and gain ion-doped fiber 32*. Ftber 31 must 
sufficiently attenuate hght of wavelength that within 
a relatively short length, e.g. less than 20 m, the pump ^ 
power at its output end 39 is anenuated to an insignifi- 
cant level while signal light at wavelength \s is not 
unduly anenuated. Attenuating fiber 39 must be tailored 
to the specific gain fiber and pump wavelength. If the 
gain fiber 10' is an erbium-doped optical fiber that is 
pumped at a wavelength of 980 nm, fiber 38 can be 
doped with ytterbiumt for example. Table 1 lists dopant 
candidates for use in pump lighc*absorbing fibers to be 
employed in conjunction with gain fibers doped with 
£r, Nd and Pr. 5^1 



TABLE 1 



Ctia 


Wtvelomb 




AbBortotna lOA 


loa 


SifSil 


Pttnt^ 


or Ccmtr 


Er 


UZ-1.6 fUD 


9t0 ni» 


Yb, Oy, Pr, V, CdSt 


£r 


tJ2*t.6 tan 


1410 nm 


fr.Sm 


Er 


1.52*1.6 tua 


100 tm 


Nd, Dy, Tm. V. CdS* 


Nd 


1.25-US itm 


too am 


Dy. Cr. Tm, V, CdS« 


Pr 


1.25-tJ3 M» 


1000 nm 


Dy, Er. Yb, V, 



53 



Curves of absorptivity v. wavelength were used in se- 60 
lecting the rare earth ions and the transition metal (va- 
nadium) ton. The CdSe shotild be present in the absorb- 
ing fib«r in the form of micro cryitallitca. 

The light anenuating fiber means of this invention is 
also usefiil in fiber amplifiers employing altenute pump- 65 
ing schemes. In the counter-pumping device of FIG. 9, 
wherein elements similar to those of FIG. 8 are repre* 
sented by primed reference nomerals, gain fiber Id* is 
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connected to input fiber 14' by attenuating fiber 38' and 
gain ion -doped fiber ST. Pumping light of wavelength 
\p is coupled to gain fiber 10' by coupler 41 which also . 
couples the amplified signal to output fiber 20'. Attenu- 
5 ating fiber 38' removes pump light that would have 
excited the gain ions in fiber 32'. Since the gain ions in 
fiber 32' remain unexcitcd by pump light, fiber 32' fdtcrs 
the incoming signal 
In the dual-ended device of FIG. 10, coupler 43 cou- 
^0 pies the signal frc»n input telecommunication fiber 45 
and pumping power from first pump source 44 to gain 
fiber section 4ka> as described in conjunction with FIG. 
4. Coupler 47 couples pumping power from second 
pump source 48 to gain fiber section 466, The output 
15 signal of wavelength X» is coupled by coupler 47 from 
gain fiber section 466 to outgoing telecommunication 
fiber 50. Pomp light attenuating fiben 52a and 526 are 
spliced to gain fiber sections 46a and 446. A length 53 of 
fiber doped with gain ions is spliced between attenuat- 
^ ing fiber sections S2a and 526. In the absence of the 
attenuating fiber sections, remnant pump light from 
sources 44 and 48 would be coupled from the gain fiber 
sections A6a and 466, respectivelyt to gain ion-doped 
fiber 53, thereby negating its filtering ability. Since the 
characteristics of fiber 53 are similar to those of fiber 32' 
of FIG. 8, the fiber amplifier is provided with a modi* 
fied spectral gain. 

The signal is first introduced into section 46a where it 
gradually increases in amplitude due to amplification in 
that section. The amplitude of the original that is intro- 
duced into section 466 is therefore much greater that 
that which was introduced into section 46fl: The pump 
power is therefore absorbed at a greater rate per unit 
33 length in section 466, and section 466 can be shorter 
than section 46fl. 

In the embodiment of FIG. 11 the length of gain fiber 
57 is sufficient to dissipate all of the pump light from 
sotirce 15' so that essentially no pump light reaches end 
4Q 58 thereof Gain ion-doped fiber 3r can therefore filter 
the amplified signal. However, for lowest noise amplifi- 
cation, an adequate pump light intensity should exist 
throughout the amplifier medium. The amplifier of 
FIG. 11 therefore generates more noise than previously 
45 described embodiments. 

Gain fiber 62 of FIG. 12 can be provided with pump 
power from cither or both of the couplers 60 and 61. 
This embodiment pertains to forward pumped, reverse 
pumped and double pumped fiber amplifiers. In the 
50 reverse pumped embodiment, coupler 60 is unneces- 
sary. In all cases, the signal is amplified by gain fiber 62 
and coupled to outgoing telecommunication fiber by 
coupler 61. In the reverse pumping mode, pump light 
propagates from coupler 61 into end 65 of gain fiber 62. 
55 In the forward and double pump situations* only a small 
fraction of the remnant pump ligbt exiong output end 65 
of fiber 62 is coupled to coupler fiber 66. Since gain 
ion-doped fiber 64 remains essentially unpomped, it 
filters the amplified signal Kght that is coupled to outgo- 
60 ing telecommunication fiber 63. 

FIG. 13 shows a simplified embodiment wherein 
filtering fiber 74 contains a dopant that absorbs pump 
light; it also contains gain ions for altering the amplifier 
spectral gain curve. The concentration of the pump 
65 light attenuating ions is such that their absorption is 
much greater than that of the gain ions in fiber 74. For 
example, the absorption of pump light might be ten 
limes the absorption of signal light. Thus, the remnant 
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putsp light ts absorbed within a short distance of the 
input end 75 of fiber 74, The remainder of fiber 74 filters 
the amplified signal from fiber 10'. 

In the embodiment of FIG. 14, gain fiber 79 itself is 
designed such that it contains dopant ions at a suffi- 5 
ciently large radius that only the relatively large mode 
field of the signal Hght reaches the large radii dopant 
ions. A% shown in FIG. 15, the signal fidd extends to a 
greater radius in gain fiber 79 than the pump field. If the 
signal field extends to radius the erbium ions, for lo 
example, should also extend to a radius of about n. 
Since £r tons having radii larger than about n remain 
umpumpcdr those large radii £r ions are avaiiabie for 
filtering the signal. 

The embodiment of FIG. l€ employs a fiber optic ts 
couplcr*typt device that is formed by fusing together 
a gain fiber tl and a gain ion doped signal attenuating 
fiber 12. Device t3 can be similar to tlw overclad cou- 
pier of the type disclosed in U.S. Pat. No. 4»93U076 or 
the fiised fiber coupler of the type disclosed in T. Bri- 20 
cheso et al. '*Sub!e Low*Lou Single-Mode Couplers" 
Electronics Letters, vol. 20, pp. 230-232 (1984). Pump 
Hght and sgnal are coupled to gain fiber II from input 
coupler fiber 12'. The fibers II and 12 of coupler 13 
have sufficiently different propagation constants that. 23 
because of the resultant 14i tio coupling occurs. How- 
ever, the large radius signal field from gain fiber II 
significantly overlaps the absorbing region of fiber 12 in 
that portion of the coupler where fibers tl and 12 are 
fused together and stretched to decrease the distance 3Q 
between cores. Since there is a neghgible overlap of the 
smaller radius pump field into the gain ion-doped region 
of fiber 12 (see FIG. 17), the gain ions remain unexcited 
and can filter the sigrtal light 

That aspect of the invention wherein the signal ab- 33 
sorbing ions are difTereat from the rare earth gain ions 
of the gain fiber is illuurated in FIGS. II and 19. The 
fiber amplifier of FIG. II includes gain fiber 90, the 
core of which b doped with gain ions that are capable 
of producing stimulated emission of light within a band ^ 
of wavelengths including a wavelength when 
pumped with light of wavelength Tht si^ial and 
pump light are coupled to gain fiber 90 via coupler fiber 
IT. Gain fiber 90 is co-doped with absorbing ions that 
are different firom the gain ions; therefore, the pump 
light attenuating means of the previous embodiments 
can be elinunated. Table 2 lisu dopant candidates for 
use as absorbing ions to be employed in conjunction 
with gain fibers in which £r, Nd and Pr are the gain 
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Curves of absorptivity v. wavelength were used in se- 
lecting the abforbing loos of TaMe 1 

During the fabricatioo of a prefonn for drawing a 
gain fiber that is co-doped with absorbing ions as well as 
active gain ions, the central regioa of the fiber is pro* 
vidcd with a suffScieot cooccntratioa of active gaia loss 
to provide the desired amplification; it is also provided 63 
wiUi a sufficient concentratioa of absorbing ions to 
attenuate the uodcnred portion or modify the gain spec* 
trum. Such a fiber could be formed in accordance with 
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the aforementioned U.S. Pat. Application Scr. No. 
07/715,348 by immersing the porous core preform in a 
dopant solution containing salts of both the active dop- 
ant ion and the absorbing ion. 

5 That embodiment wherein the absorbing ions are 
incorporated into the core of a fiber that is connected in 
series with gain fiber is shown in FIG. 19 wherein ab- 
sorbing fiber 93 is spliced between two sections 92a and 
92b of gain fiber. Alternatively, the absorbing fiber 

10 could be spliced to the output end or input end of a 
single section of gain fiber. 
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I cUiia: 

r A fiber amplifier comprising 
a gain optical fiber having a single-mode core con- 
talning dopanc ions capable of produdng stimu- 
lated emission of light within a predetermined band 
of wavelengths including a wavelength \s when 
pumped with light of wavelength \p, said gain fiber 
having input and output ends» 
absorbing ion filtering means for attenuating light at 
at least some of the wavelengths within said prede- 
termined band of wavelengths, said absorbing ion 
filtering means comprising umpumped gain ions, 
2^ means for introducing a signal of wavelength Xs into 
said gain fiber input end, 
means introducing pump light of wavelength Xp into 

said gain fiber, and 
means for preventing the excitation of said pumped 

gain loss by light of wavelength 
2. A fiber amplifier in accordance with claim 1 
wherein said umpumped gain ions are situated in a sig- 
nal fDtering optical fiber that i$ connected in scries with 
said gain liber. 
35 y A fiber amplifier in accordance whh claim 2 
wherein said means for preventing excitation is con- 
nected in series between said gain fiber and said filtering 
optical fiber. 

4. A fiber amplifier in accordance with claim 3 
^ wherein said means for preventing excitation comprises 

a fiber-type grating reflector for reflecting pump light. 

5. A fiber amplifier in accordance with claim 3 
wherein said means for preventing exciution comprises 
interference filter means for removing pump light, 

45 6. A fiber amplifier in accordance with claim 3 
wherein said means for preventing excitation comprises 
an optical fiber containing a dopant that substantially 
attenuates light at wavelength X;^ 
7. A fiber amplifier in accordance with claim 6 

50 wherein said pump light attenuating optical fiber con* 
nects said signal attenuating fiber to the input end of 
said gain fiber. 

S. A liber amplifier in accordance with claim 6 
wherein said gain fiber comprises first and second sec- 

55 tions, and said pump Ught attenuating fiber comprises 
lint and second sections, said fiber amplifier comprises 
the serially connected arrangement of the first section 
of said gain liber, said first section of said pump tight 
attenuating fiber, said gain ion-doped pump light attenu* 

60 ating 5ber, the second section of said pump light attenu- 
ating fiber and the second section of said gain fiber, said 
means for introducing pump light comprising means for 
introducing pump light into said first and second gain 
fiber sections. 

6S 9. A fiber amplifier in accordance with claim 3 
wherein means for preventing excitation comprises an 
optical fiber coupler which couples essentially no pump 
light from said gain fiber to said signal attenuating fiber. 
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10. A fiber amplifier in accordance with cUim 1 
wherein said means preventing exciution of umpumped 
gain ions by pump iighi comprises a sufficient length of 
gain fiber ic dissipate all of the pump light introduced 
therein. 5 

11. A fiber amplifier in accordance with claim 1 
wherein said absorbing ion filtering means comprises an 
optical fiber containing unpumped gain ions and a dop* 
ant for absorbing pump h^au the concentration of said 
dopant being much greater than unpumped gain ions. 10 

12. A fiber ampliher in accordance with claim 1 
wherein the radial distribution of said gain ions in said 
gain fiber extends beyond the mode field radhu of light 
of wavelength Xp» whereby those gam ions at radii 
greater than said mo field radius are unexcited by pump 15 
light and are free to absorb signal light 

13. A fiber amplifier in accordance with claim 1 
wherein a section of said gain fiber is fused in side-by* 
side arrangement to a further section of optical fiber 
doped with gain ions to form a fused region into which 20 
signal light but not pump light can extend from said gain 
fiber into said further section, whereby those gain ions 
of said further section are unexcited by pump light and 
are free to absorb signal light. 

14. A fiber amplifier in accordance with claim 1 said Z5 
gain fiber is in series with an optical fiber conuining 
signal light absorbing ions that are different from said 
gain ions. 

15. A fiber amplifier comprising 

a gain optical fiber having a single-mode core con- 30 
taining gain ions capable of producing stimulated 
emission of signal light within a predetermined 
band of wavelengths including a wavelength ks 
when pumped with pump light of wavelength 
said gain fiber having first and second ends, 35 

a filtering fiber conuining gain ions for filtering sig- 
nal lights 

a pump light-attenuating fiber having a core contain- 
ing a dopant that attenuates said pump light while 
signal light remains substantially unattenuatedt said 40 
pump light-attenuating fiber connecting the second 
end of said gam fiber to an end of said filtering 
fiber, 

means for introducing pump light of wav^ength Xp 
into the first end of said said gain fiber, and 43 

means for introducing a signal of wavelength Xj into 
one of the ends of the series combtnatioB of said 
gain fibcft said pump light-attenuating fiber and 
said filtering fiber, the gain tons of said filtering 
fiber remaining unexcited during operation because 50 
of the pump light Altering action of said pump 
light-anenuating fiber, whereby said fUtering fiber 
alters the spectral gain of said amplifier. 

16. A fiber amplifier comprising 

first and second gain optical fiber sections, each hav- 55 
ing a single-modt core containing dopant ions cap 
pable of producing sdmulated emission of light 
within a predeten^ned band of wavelengths in- 
cluding a wavelength Xf when pumped with li^ 
of wavelength X^ each gain fiber section having 60 
first and second ends, 

first and second pump light-attenuating fiber sectiona» 
each having a core containing a dopant that anenu- 
ates optical power in at least one wavelength band 
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including said wavelength \^ while optical power 

at said wavelength X, remains substantially unatten- 

uated thereby, each pump light-attenuating fiber 

section having first and second ends, the first end of 
5 each of said pump light-attenuating fiber sections 

being spliced to a respective one of the second ends 

of said gain fiber sections, 
a filtering fiber, the ends of which are respectively 

connected to the second ends of said pump light 
^0 attenuating fiber sections, said filtering fiber being 

doped with gain ions, 
means for introducing pump light of wavelength \^ 

into the first end of each of said gain fiber sections, 

and 

means for introducing a signal of wavelength X| into 
the first end of one of said gain fiber sections, the 
gain ions of said filtering fiber remaining unexcited 
during operation because of the pump light filter* 
ing action of said pump light>attenuating fiber. 

17. A fiber amplifier comprising 

a gain optical fiber having a single-mode core con- 
taining dopant ions capable of producing stimu- 
lated emission of light within a predetermined band 
^ of wavelengths including a wavelength \s when 
pumped with light of wavelength said gain fiber 
having input and output ends, 

filtering means for attenuating tight at at least some of 
the wavelengths within said predetermined band of 
^ wavelengths, said filtering means containing ions 
that can be excited by light of wavelength Xp. 

means for introducing a signal of wavelength Xj into 
said gam fiber input end, 

means introducing pump light of wavelength X^ into 
35 said gain fiber, and 

means for preventing the excitation of said filtering 
means by light of wavelength Xp. 

18. A fiber amplifier in accordance with claim 17 
wherein said gain fiber is co-doped with signal light 

4Q absorbing ions that are different from said gain ions. 

19. A fiber amplifier comprising 

a gain optical fiber having a single-mode core con- 
taining dopant ions capable of producing stimu- 
lated emission of light within a predetermined band 

45 of wavelengths including a wavelength Xj when 
pumped with light of wavelength Xp, said gain fiber 
having input and output ends, said dopant ions 
being selected from the group consisting of erbium, 
neodymium and praseodymium, 

SO filtering means for attenuating tight at at least some of 
the wavelengths within said predetermined band of 
wavelengths, said filtering means containing a dop> 
ant selected &om the group consisting of erbium« 
dysprosium* neodymium, ytterbium, samarium. 

55 praseodymiumt thulium, vanadium and cadmium 
selcnide, 

means for introducing a signal of wavelength Xf into 

said gain fiber input end, and 
means introducing pump light of wavelength Xp into 
tiO said gain fiber. 

20. A gain amplifier in accordance with claim 19 
wherein said filtering means comprises an optical fiber 
containing said dopant ions. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re reissue patent application of: 
Hall et al- 

U.S. Patent No. 5,131,069 Issued July 14, 1992 

Serial No,: 07/743,726 Group No.: 2501 

Filed: August 12, 1991 Examiner: S. Barns 

For: FIBER AMPLIFIER HAVING 
MODIFIED GAIN SPECTRUM 

Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

PRELIMINARY AMENDMENT OF REISSUE APPLICATION 

Please amend the above-identified reissue application 
as follows: 

Add the following claims: 
-- 21. A fiber amplifier comprising 

a gain optical fiber having only one single -mode core, 
said core containing dopant ions capable of produ cing stimulated 
emission of light within a predetermined band of wavelengths 
including a wavelength X. when pumped with lig ht of wavelength 
Xp , said gain fiber having input and output ends. 

absorbing ion filtering means for attenuatin g light at 
at least some of the wavelengths within said predetermined band 
of wavelengths, said absorbing ion filtering mean s comprising 
umpumped gain ions. 
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means for introducing a signal of wavelencrth Xc into 

said gain fiber input end. 

means introducing pump light of wavelength X p into said 
gain fiber , and 

means for preventing the excitation of said pumped gain 
ions by light of wavelength X n. 

22. A fiber amplifier in accordance with claim 21 
wherein said umpumped gain ions are situated in a signal 
filtering optical fiber that is connected in series with said 
gain fiber. 

23 . A fiber amplifier in accordance with claim 22 
wherein said means for preventing excitation is conn ected in 
series between said gain fiber and said filtering optical fiber. 

24. A fiber amplifier in accordance with claim 23 
wherein said means for preventing excitation comp rises a 
fiber-type grating reflector for reflecting pump light. 

25. A fiber amplifier in accordance with claim 23 
wherein said means for preventing excitati on comprises 
interference filter means for removing pump light. 

26. A fiber amplifier in accordance with claim 23 
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wherein said means for preventing excitation comiorises an o ptical 
fiber containing a dopant that substantially attenuates l ight at 
wavelength X ^. 

27. A fiber amplifier in accordance with claim 26 
wherein said pump light attenuating optical fiber c onnects said 
signal attenuating fiber to the input end of sa id gain fiber. 

28. A fiber amplifier in accordance with claim 26 
wherein said gain fiber comprises first and second secti ons, and 
said pump light attenuating fiber comprises first a nd second 
sections, said fiber amplifier comprises the serial ly connected 

arrangement of the first section of said gain fiber, said first 

section of said pump light attenuating fiber, said gain 
ion-doped pump light attenuating fiber, the second s ection of 
said pump light attenuating fiber and the second se ction of said 
gain fiber, said means for introducing pump light comprising 
means for introducing pump light into said first and second gain 
fiber sections. 

29. A fiber amplifier in accordance with claim 23 
wherein means for preventing excitation comprises a n optical 
fiber coupler which couples essentially no pump light from said 
gain fiber to said signal attenuating fiber. 
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30. A fiber amplifier in accordance with claim 21 
wherein said means preventing excitation of umpumped gain ions 
by pump light comprises a sufficient length of gain fiber to 
dissipate all of the pump light introduced therein. 

31. A fiber amplifier in accordance with claim 21 
wherein said absorbing ion filtering means comprise s an optical 
fiber containing unpumped gain ions and a dopant fo r absorbing 
pump light > the concentration of said dopant being much greater 
than unpumped gain ions . 

32. A fiber amplifier in accordance with claim 21 
wherein the radial distribution of said gain ions in said gain 
fiber extends beyond the mode field radius of light o f wavelength 
X ^. wherebv those gain ions at radii greater than said mo field 
radius are unexcited by pump light and are free to absor b signal 
light. 

33. A fiber amplifier in accordance with claim 21 
wherein a section of said gain fiber is fused in si de-bv-side 
arrangement to a further section of optical fiber d oped with gain 
ions to form a fused region into which signal light but not pump 
light can extend from said gain fiber into said fur ther section, 
wherebv those gain ions of said further section are u nexcited by 
pump light and are free to absorb signal light. 

-4- 



DOCKET No. CORN 0002 PATENT 

34. A fiber amiolifier in accordance with claim 21 said 
gain fiber is in series with an optical fiber conta ining signal 
light absorbing ions that are different from sa id gain ions. 

35. A fiber amplifier comprising 

a gain optical fiber having only one single-mode core, 
said core containing gain ions capable of producing stimulated 
emission of signal light within a predetermine d band of 
wavelengths including a wavelength X. when pumped with pump light 
of wavelength Xn, said gain fiber having first and second ends, 
a filtering fiber containing gain ions for filtering 
signal light , 

a pump light-attenuating fiber having a core containing 
a dopant that attenuates said pump light whi le signal light 
remains substantially unattenuated. said pump light-attenuating 
fiber connecting the second end of said gain fiber to an end of 
said filtering fiber. 

means for introducing pump light of wavel ength Xo into 
the first end of said said gain fiber. 

and means for introducing a signal of w avelength Xc 
into one of the ends of the series combinat ion of said gain 
fiber > said pump light -attenuating fiber and said filtering 
fiber, the gain ions of said filtering fiber remainin g unexcited 
during operation because of the pump light filter ing action of 
said pump light-attenuating fiber, whereby sa id filtering fiber 
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alters the spectral gain of said amplifier 
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36. A fiber amplifier comorisincr 

first and second gain optical fiber sections, each 
having only one sincrle-mode core, said core containing dopant 
ions capable of producing stimulated emission of lig ht within a 
predetermined band of wavelengths including a wavele ngth Xc when 
pumped with light of wavelength X.. each gain fiber section 
having first and second ends, 

first and second pump light -attenuating f iber sections, 
each having a core containing a dopant that attenu ates optical 
power in at least one wavelength band including said wavelength 
X-. , while optical power at said wavelength X o remains 
substantially unattenuated thereby, eac h pump light-attenuating 
fiber section having first and second ends, th e first end of each 
of said pump light -attenuating fiber sections being spliced to a 
respective one of the second ends of said gain fiber sections, 

a filtering fiber, the ends of which are respectively 
connected to the second ends of said pump light attenuating fiber 
sections, said filtering fiber being doped w ith gain ions, 

means for introducing pump light of wavel ength Xo into 
the first end of each of said gain fiber sect ions, and 

means for introducing a signal of wav elength Xo into 
the first end of one of said gain fiber section s, the gain ions 
of said filtering fiber remaining unexcited during operation 
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because of the pump light filtering act ion of said pump 
light -attenuating fiber. 

37. A fiber amplifier comprising 

a gain optical fiber having only one sing le-mode core, 
said core containing dopant ions capable of producing stimulated 
emission of light within a predetermined band of wavelengths 
including a wavelength X c when pumped with light of wavelength 
Xp , said gain fiber having input and o utput ends, 

filtering means for attenuating light at at least some 
of the wavelengths within said predeterm ined band of wavelengths, 
said filtering means containing ions th at can be excited by light 
of wavelength X ^, 

means for introducing a signal of wav elength Xc into 
said gain fiber input end, 

means introducing pump light of wavelength X pjmto 

said gain fiber, and 

means for preventing the excitation of said filtering 
means bv light of wavelength X p. 

38. A fiber amplifier in accordance with claim 37 
wherein said gain fiber is co-doped with signal light absorbing 
ions that are different from said gain ions. 

39. A fiber amplifier comprising 
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a gain optical fiber having only one single-mode core, 
said core containing dopant ions capable of producing stimulated 
emission of light within a predetermined band of wa velengths 
including a wavelength when pumped with light of wavel ength 
Xp , said gain fiber having input and output ends, s aid dopant 
ions being selected from the group consisting of erbium, 
neodvmium and praseodymium. 

filtering means for attenuating light at at least some 
of the wavelengths within said predetermined band o f wavelengths, 
said filtering means containing a dopant selected fro m the group 
consisting of erbium, dysprosium, neodymium, ytterbium, samarium, 
praseodymium, thulium, vanadium and cadmium selenide. 

means for introducing a signal of wavelength Xc into. 
said gain fiber input end, and 

means introducing pump light of wavelength X r. into said 

gain fiber. 

40. A gain amplifier in accordance with claim 39 
wherein said filtering means comprises an optical fiber 
containing said dopant ions. 

41. A fiber amplifier having a flattened ga in spectrum 

comprising 

a gain optical fiber having only one sin gle-mode core, 
said core containing dopant ions capable of producing a gain 
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spectrum due to stimulated emission of light within a 
predetermined band of wavelengths including a wavelength \^ when 
pumped with light of wavelength X n , said aain fiber having input 
and output ends, and wherein the gain spectrum of said gain 
optical fiber over said band of wavelengths has a first portion 
having a relatively small gain variatio n over a region of said 
band wavelengths and a second portion h aving a relatively large 
gain variation over a different region of said band wavelengths, 
wherein said first portion of the gain spectru m is relatively 
flat and wherein said second portion is not f lat and exhibits a 
greater aain than the gain exhibited ov er said relatively flat 
portion; 

ion filtering means for absorbing light within said 
predetermined band of wavelengths, said ion f iltering means 
having an absorption spectrum having a first portion exhibiting 
relatively small absorption over said region of said band of 
wavelengths and a second portion having a rel atively large 
absorption of said different reaion of s aid band of wavelengths 
where the gain spectrum is not flat, said ion filtering mean s 
comprising a concentration and distribution of umpumped gain ions 
within said ion filtering means wherein amp lified light having 
wavelengths within said predetermined band of wavelengths where 
the gain spectrum is not flat is attenuated t o an extent such 
that the gain spectrum over the entire pre determined band of 
wavelengths is flattened and exhibits relativ ely small gain 
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variation over said entire band of wavelengths; 

means for introducing a signal of wavelength into 
said gain fiber input end, 

means introducing pump light of wavelength X n into said 
gain fiber, and 

means for preventing the excitation of said pumped gain 
ions by light of wavelength X ^. 



42 , A fiber amplifier comprising 

a gain optical fiber having only one single -mode core, 
said core containing dopant ions capable of producin g stimulated 
emission of light within a predetermined band of w avelengths 
including a wavelength Xc when pumped with light of wavel ength 
Xp . said gain fiber having input and output ends, an d wherein the 
gain spectrum of said gain optical fiber, over s aid band of 
wavelengths and when pumped with light from wavelength X . has a 
first portion which is relatively flat and a second p ortion which 
is not flat and exhibits gain greater than the gain e xhibited 
over said relatively flat portion; 

filtering means for attenuating light at at least some 
of the wavelengths within said predetermined band of wavelengths, 
said filtering means containing ions that can be excited by 
light of wavelength X ^ , said filtering means having a 
transmission curve over said predetermined band of w avelengths 
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and in the absence of excitation by said gain fiber o ver said 
predetermined band of wavelengths when said gain fibe r is excited 
bv light at wavelength X . so that when light in the range of said 
predetermined range of wavelengths is amplified and filtered by 
said filtering means, the resulting gain spect rum for said 
amplifier over said predetermined range of wavelengths is 
substantially flat; 

means for introducing a signal of wavelength Xo into 
said gain fiber input end, 

means introducing pump light of wavelength X ^ into 
said gain fiber, and 

means for preventing the excitation of said filtering 
means by light of wavelength X ^. 

43. A fiber amplifier comprising 

a gain optical fiber having only one single-mo de core, 
said core containing dopant ions capable of producing stimulated 
emission of light within a predetermined band of wa velengths 
including a wavelength X o when pumped with light of wavelength 
X-. , said gain fiber having input and output en ds, said dopant 
ions being selected from the group consisting o f erbium, 
neodymium and praseodymium, and wherein the a ain spectrum of said 
gain optical fiber, over said band of wavelengths and when pumped 
with light from wavelength X n has a first porti on which is 
relatively flat and a second portion which is not flat and 
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exhibits gain greater than the gain exhibited over said 
relatively flat portions- 
filtering means for attenuating light at at least some 
of the wavelengths within said predetermined b and of wavelengths, 
said filtering means containing a dopant selec ted from the group 
consisting of erbium, dysprosium, neodymium, y tterbium, samarium, 
praseodymium, thulium, vanadium and cadmium selenide, said 
filtering means having a transmission c urve over said 
predetermined band of wavelengths and in the absence of 
excitation bv said gain fiber over said prede termined band of 
wavelengths when said gain fiber is excited by light at 
wavelength Xp so that when light in the range of said 
predetermined range of wavelengths is amplif ied and filtered by 
said filtering means, the resulting gai n spectrum for said 
amplifier over said predetermined range of w avelengths is 
substantially flat; 

means for introducing a signal of wavelength Xc J^nto 
said gain fiber input end, and 

means introducing pump light of w avelength Xc into said 

gain fiber. 

44. An optical fiber amplifi er having a 
flattened gain spectrum for use over a wavele ngth range of about 
1530 to about 1560nm comprising: 

a gain optical fiber having onlv one core, said core 
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containing ions capable of producing stimulated emiss ion of licrht 
within the band of wavelengths extending from about 1 53 0 to about 
156 Onm when pumped with light having a wavelength capable of 
causing said stimulated emission in said band of wa velengths, 
said stimulated emission from said gain fiber exhib iting a gain 
spectrum including a peak around 1532nm and a sub stantially flat 

gain region extending from about 15460nm to about 1560nm, said 

gain fiber having input and output ends ; 

a gain spectrum fiber exhibiting an absorption sp ectrum 
and having an input end and an output end, one of t he input and 
output ends of said filtering fiber being optic ally connected to 
one of the output and input ends, respectively, of said gain 
fiber, said filtering fiber having a core doped wit h ions which 
are capable of absorbing light according to said absorption 
spectrum within the band of wavelengths extending from about 153 0 
to about 1560nm, the absorption spectrum of said fi ltering fiber 
having a substantially non-flat absorption spectr um in the 
spectral region from about 153 0 to about 1540nm and particularly 
at about 1532nm and having a relatively flat ab sorption spectrum 
in the region from about 1540 to about 1560nm, the ab sorption 
spectrum exhibiting a lower absorption in the reg ion from about 
1540 to about 1560nm than the absorption in the spectral region 
from about 153 0 to about 154Qnm and particularly at a bout 1532nm, 
one of the input and output ends of said filtering fiber being 
adapted for connection to a transmission fiber in put end; 

-13- 



DOCKET No. CORN 0002 PATENT 

means for introducing purrno light into at least one of 
the input and output ends of said gain fiber; and 

means 'for introducing a light signal having a 
wavelength in the range from about 153 0 to about 1560nm int o the 
input end of said gain fiber wherein said pump light stimulated 
emission in said gain fiber over the wavelength ran ge from about 
153 0 to about 156Qnm and an amplified signal in the range from 
about 153 0 to about 154 Onm is not attenuated below a level about 
equal to the magnitude of an amplified signal in th e wavelength 
range from about 154 0 to about 156 Onm. 

45. The amplifier of claim 44 wherein said means 
for introducing pump light comprises at least two pump sources. 

46. The amplifier of claim 44 wherein said 
amplifier is reverse pumped. 

47. The amplifier of claim 44 which further 
comprises means between said gain fiber and said filtering fiber 
for filtering light in the pump wavelength spectrum. 

48. The amplifier of claim 44 wherein the pump 
light has a wavelength centered around at least o ne of about 

9 8 Onm and 14 8 Onm. 
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49. The amplifier of claim 45 wherein the at 
least two pump sources have a wavelength centered around at least 
one of about 980nm and 14 8Qnm. 

50. The amplifier of claim 45 further comprising 
at least a second gain optical fiber consisting of one core which 
contains ions capable of producing stimulated emission of light 
within the band of wavelengths extending from about 153 0 to about 
1560nm when pumped with light having a wavelength c apable of 
causing said stimulated emission in said band of wavelengths, 
said stimulated emission from said gain fiber exhibit ing a gain 
spectrum including a peak around 1532nm and a substan tially flat 
gain region extending from about 1540nm to about 156Qnm, said 
second gain fiber having input and output ends; wherein said at 
least first and second gain fibers and said filtering f iber are 
optically interconnected in a series arrangement. 



REMARKS 

Reissue Claims 

Newly added independent claims 21-40 correspond exactly 
to original claims 1-20, except that the ^^gain optical fiber'' is 
now limited to a fiber ^'having only one single -mode core" as 
contrasted to the original claim limitation ^^having a single-mode 
core." It was noted that the original claim limitation could 
have raised a question as to whether claims 1-20 were limited to 
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a structure having only one core. 

To obviate any questions, patentees have elected to 
enter claims 21-40 herein that are the same as claims 1-20, 
^respectively , but are limited to a structure having only one 
core. Such a structure is clearly set forth in the original 
patent specification and drawings, e.g., see Figs. 1, 4, 10 and 
11 and at column 3, line 38, and at column 4, line 67, for 
example. No new matter is being added and the scope of the 
claims is not expanded beyond the scope of original claims 1-20. 

New claims 41-44 are modifications of original patent 
claims 1, 17, 19 and 21, respectively. The modifications can 
best be seen in Appendix A to this paper wherein the words 
deleted from those original claims are in brackets and the added 
words are in bold face type. Support for the added matter 
appears in the footnotes to those claims in Appendix A. 

Claims 45-50 are basically new and support for the 
added matter appears in the footnotes to those claims in Appendix 
A. 

As can be seen, applicants have not added new matter to 
the added claims and have not expanded the scope of any beyond 
the scope of the original patent claims 1-20, 
Interference No. 104,069 

An interference was declared between the applicants 
Hall et al. original patent and a reissue application of Grasso 
et al., U.S. Patent No. 5,087,108, a copy of which patent is 
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enclosed herewith. In that interference, the Hall '069 patent 
claims 1-2, 10, 12-14 and 17-20 were designated as corresponding 
to the counts of that interference. 



As can be seen in the Grasso '108 patent, the invention 



thereof is in an optical fiber amplifier having a "double core" 
fiber. Indeed, in the specification at column 9, lines 30-40, 
and column 10, lines 56-66, Grasso states that an amplifier made 
by Grasso from a ''single-core" fiber was "practically useless." 
Such a disclosure clearly teaches away from making an amplifier 
from a single core fiber and would not in any way teach or 
suggest applicants' successful construction of a single-core 
amplifier . 



Applicants claims 21-50 are clearly patentable over the 



art of record and the Grasso patent and an allowance of such 
claims is earnestly solicited. 



WOODCOCK WASHBURN KURTZ 

MACKIEWICZ Sc NORRIS LLP 
One Liberty Place - 46th Floor 
Philadelphia, PA 19103 
(215) 568-3100 



Respectfully submitted, 




Francis A. Paintin 
Registration No. 19,386 
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APPENDIX A 

Clarification of Claims 41-50 

[1] 41. A fiber amplifier having a flattened gain 
spectrum^ comprising 

a gain optical fiber having [a] only one single-mode 
core, said core containing dopant ions capable of producing a 
gain spectrum due to stimulated emission of light within a 
predetermined band of wavelengths including a wavelength X3 when 
pumped with light of wavelength Xp, said gain fiber having input 
and output ends, and wherein the gain spectrum of said gain 
optical fiber over said band of wavelengths has a first portion 
having a relatively small gain variation over a region of said 
band wavelengths and a second portion having a relatively large 
gain variation over a different region of said band wavelengths, 
wherein said first portion of the gain spectrum is relatively 
flat and wherein said second portion is not flat and exhibits and 
exhibits a greater gain than the gain exhibited over said 
relatively flat portion^; 

[absorbing] ion filtering means for [attenuating] 

- Col. 1, lines 20, 65-68. 

2 Col. 3, lines 64-67, and Figs. 2, 5-7. 
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absorbing light within said predetermined band of wavelengths, 
said [absorbing] ion filtering means having an absorption spectrum 
having a first portion exhibiting relatively small absorption 
over said region of said band of wavelengths and a second portion 
having a relatively large absorption of said different region of 
said band of wavelengths where the gain spectrum is not flat, 
said ion filtering means comprising a concentration and 
distribution of umpumped gain ions within said ion filtering 
means wherein amplified light having wavelengths within said 
predetermined band of wavelengths where the gain spectrum is not 
flat is attenuated to an extent such that the gain spectrum over 
the entire predetermined band of wavelengths is flattened and 
exhibits relatively small gain variation over said entire band of 
wavelengths^ ; 

means for introducing a signal of wavelength Xg into 
said gain fiber input end, 

means introducing pump light of wavelength Xp into said 

gain fiber, and 

means for preventing the excitation of said pumped gain 
ions by light of wavelength Xp. 

[17] 42. A fiber amplifier comprising 
a gain optical fiber having [a] only one single-mode 

3 CoL4, lines 16-48; col. 5, lines 2-17; col. 6, line 61, and col. 7, line 14; and Figs5-6. 
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core, said core containing dopant ions capable of producing 
stimulated emission of light within a predetermined band of 
wavelengths including a wavelength Xg when pumped with light of 
wavelength Xp, said gain fiber having input and output ends, and 
wherein the gain spectrum of said gain optical fiber, over said 
band of wavelengths and when pumped with light from wavelength Xp 
has a first portion which is relatively flat and a second portion 
which is not flat and exhibits gain greater than the gain 
exhibited over said relatively flat portion^; 

filtering means for attenuating light at at least some 
of the wavelengths within said predetermined band of wavelengths, 
said filtering means containing ions that can be excited by 
light of wavelength Xp, said filtering means having a 
transmission curve over said predetermined band of wavelengths 
and in the absence of excitation by said gain fiber over said 
predetermined band of wavelengths when said gain fiber is excited 
by light at wavelength Xp so that when light in the range of said 
predetermined range of wavelengths is amplified and filtered by 
said filtering means, the resulting gain spectrum for said 
amplifier over said predetermined range of wavelengths is 

substantially flat^; 

means for introducing a signal of wavelength Xs into 



See footnote 2. 
^ See footnote 3. 
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said gain fiber input end, 

means introducing pump light of wavelength Xp into 

said gain fiber, and 

means for preventing the excitation of said filtering 

means by light oE wavelength Xp. 

[19] 43. A fiber amplifier comprising 
a gain optical fiber having [a] only one single-mode 
core, said core containing dopant ions capable of producing 
stimulated emission of light within a predetermined band of 
wavelengths including a wavelength Xg when pumped with light of 
wavelength Xp, said gain fiber having input and output ends, said 
dopant ions being selected from the group consisting of erbium, 
neodymium and praseodymium, and wherein the gain spectrum of said 
gain optical fiber, over said band of wavelengths and when pumped 
with light from wavelength Xp has a first portion which is 
relatively flat and a second portion which is not flat and 
exhibits gain greater than the gain exhibited over said 
relatively flat portion^; 

filtering means for attenuating light at at least some 
of the wavelengths within said predetermined band of wavelengths, 
said filtering means containing a dopant selected from the group 
consisting of erbium, dysprosium, neodymium, ytterbium, samarium, 



^ See footnote 2. 
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praseodymium, thulium, vanadium and cadmium selenide, said 
filtering means having a transmission curve over said 
predetermined band of wavelengths and in the absence of 
excitation by said gain fiber over said predetermined band of 
wavelengths when said gain fiber is excited by light at 
wavelength Xp so that when light in the range of said 
predetermined range of wavelengths is amplified and filtered by 
said filtering means, the resulting gain spectrum for said 
amplifier over said predetermined range of wavelengths is 
substantially flat''; 

means for introducing a signal of wavelength Xs into 
said gain fiber input end, and 

means introducing pump light of wavelength Xp into said 

gain fiber. 

New Claims 44-50 

44. An optical fiber amplifier having a 
flattened gain spectrum for use over a wavelength range of about 
1530 to about 1560nm comprising: 

a gain optical fiber consisting of one core, said 
containing ions capable of producing stimulated emission of light 
within the band of wavelengths extending from about 153 0 to about 



See footnote 3. 
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1560nm when pumped with light having a wavelength capable of 
causing said stimulated emission in said band of wavelengths, 
said stimulated emission from said gain fiber exhibiting a gain 
spectrum including a peak around 1532nm and a substantially flat 
gain region extending from about 15460nm to about 1560nm, said 
gain fiber having input and output ends; 

a gain spectrum fiber exhibiting an absorption spectrum 
and having an input end and an output end, one of the input and 
output ends of said filtering fiber being optically connected to 
one of the output and input ends, respectively, of said gain 
fiber, said filtering fiber having a core doped with ions which 
are capable of absorbing light according to said absorption 
spectrum within the band of wavelengths extending from about 153 0 
to about 1560nm, the absorption spectrum of said filtering fiber 
having a substantially non-flat absorption spectrum in the 
spectral region from about 153 0 to about 1540nm and particularly 
at about 1532nm and having a relatively flat absorption spectrum 
in the region from about 1540 to about 1560nm, the absorption 
spectrum exhibiting a lower absorption in the region from about 
1540 to about 1560nm than the absorption in the spectral region 
from about 1530 to about 1540nm and particularly at about 1532nm, 
one of the input and output ends of said filtering fiber being 
adapted for connection to a transmission fiber input end; 

means for introducing pump light into at least one of 
the input and output ends of said gain fiber; and 
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means for introducing a light signal having a 
wavelength in the range from about 153 0 to about 1560nm into the 
input end of said gain fiber wherein said pump light stimulated 
emission in said gain fiber over the wavelength range from about 
153 0 to about 156 Onm and an amplified signal in the range from 
about 1530 to about 1540nm is not attenuated below a level about 
equal to the magnitude of an amplified signal in the wavelength 
range from about 1540 to about 1560nm®. 

45. The amplifier of claim 44 wherein said means 
for introducing pump light comprises at least two pump sources^ 

46. The amplifier of claim 44 wherein said 
amplifier is reverse pumped^*'. 

47. The amplifier of claim 44 which further 
comprises means between said gain fiber and said filtering fiber 
for filtering light in the pump wavelength spectrum-^ 

48. The amplifier of claim 44 wherein the pump 



« Col. 1, lines 1-9; col. 3, lines 66-68; col. 4, lines 17-49; col. 5 lines 2-16 and line 
66, to col. 6, line 8; col. 7, lines 59-60; and Figs. 1, 4, 10-12. 



' Col. 6, lines 48-60. 
-° See footnote 9. 

1^ Col. 4, lines 48-66; col. 5, line 29, to col. 6, line 8. 
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light has a wavelength centered around at least one of about 
980nm and 1480nm^^ 

49. The amplifier of claim 45 wherein the at 
least two pump sources have a wavelength centered around at least 
one of about 980nm and 1480nm". 

50. The amplifier of claim 45 further comprising 
at least a second gain optical fiber consisting of one core which 
contains ions capable of producing stimulated emission of light 
within the band of wavelengths extending from about 153 0 to about 
1560nm when pumped with light having a wavelength capable of 
causing said stimulated emission in said band of wavelengths, 
said stimulated emission from said gain fiber exhibiting a gain 
spectrum including a peak around 1532nm and a substantially flat 
gain region extending from about 1540nm to about 1560nm, said 
second gain fiber having input and output ends; wherein said at 
least first and second gain fibers and said filtering fiber are 
optically interconnected in a series arrangement-*. 



Col. 5, lines 44-45, and Table 1. 

See footnote 12 and col. 5, line 64, to col. 6, line 60. 

Col. 6, lines 9-36, and Fig. 10. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re reissue patent application of: 
Hall et al. 

U.S. Patent No. 5,131,069 Issued July 14, 1992 

Serial No.: 07/743,726 Group No.: 2501 

Filed: August 12, 1991 Examiner: S. Barns 

For: FIBER AMPLIFIER HAVING 

MODIFIED GAIN SPECTRUM 



COMBINED DECLARATION AND POWER OF ATTORNEY BY INVENTORS 



(XX) Declaration by Inventor (s) : 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are 
as stated below next to my name; and 

I verily believe that I am the original, first and sole 
inventor (if only one name is listed below), or an original, 
first and joint inventor (if plural names are listed below) of 
the subject matter that is claimed in letters patent U.S. PATENT 
No. 5,131,069 granted on July 14, 1992 and in the foregoing 
specification and for which invention I solicit a reissue patent; 



ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims . 

I acknowledge the duty to disclose all information 
known to be material to the patentability of this application in 
accordance with 37 C.F.R. § 1.56. 
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( ) In compliance with this duty attached herewith is 
an Information Disclosure Statement in accordance with 3 7 C.F.R. 
§ 1.97. 



STATEMENT OF INOPERATIVENESS OR INVALIDITY OF ORIGINAL PATENT 

37 C.F.R. §1.175 

That I believe the original patent to be 

(XX) partly ( ) wholly 

inoperative or invalid because of error or errors, all of which 
were without any deceptive intent on the part of the applicant, 
by reason of said patent claiming 

( ) more (X) less 

than patentee had a right to claim. 

This reissue application 

( ) does (X) does not 



seek to enlarge the scope of said original patent . 
Errors : 

[1] It was error without deceptive intent to permit 
U.S. Patent No. 5,131,069 to issue without having claims 
specifically directed to an amplifier structure having only one 
single-mode core. 

[2] It was error without deceptive intent to permit 
U.S. Patent No. 5,131,069 to issue without having claims 
specifically directed to a fiber amplifier having a flattened 
gain spectrum. 
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OFFER TO SURRENDER ORIGINAL PATENT 37 C.F.R. §1.178 

Applicant hereby offers to surrender the original 
patent, the reissue of which is sought herein. 



POWER OF ATTORNEY 

I hereby appoint the following attorney (s) and/or 
agent (s) to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: 

Alfred L. Michaelsen, Registration No. 24,511, and William J. 
Greener, Registration No. 38,165, of Corning Incorporated, Patent 
Department, SP FR 02-12, Corning NY 14831, 

and Richard E. Kurtz Registration No. 19,263, Francis A. Paintin 
Registration No. 19,386, and Jonathan M. Waldman, Registration 
No, 40,861, of the firm of WOODCOCK WASHBURN KURTZ MACKIEWICZ & 
NORRIS LLP, One Liberty Place - 46th Floor, Philadelphia, 
Pennsylvania 19103 . 

{ ) Attached as part of this declaration and power of 
attorney is the authorization of the above named attorney (s) to 
accept and follow instructions from my representative. 

Address all telephone calls and correspondence to: 

Francis A, Paintin 

WOODCOCK WASHBURN KURTZ MACKIEWICZ & NORRIS LLP 

One Liberty Place - 46th Floor 
Philadelphia, PA 19103 
Telephone No. 215-568-3100 
Facsimile No. 215-568-3439 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon . 
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(XX) By the inventor (s) : 





Full Name 
Douglas W. Hall 


Inventor's Signature 


Date 


1 


Residence 
Corning, NY 


Citizenship 
U.S.A. 






Post Office Address 

48 Forest Hill Drive, Coming NY 14830 




Full Name 

Mark A. Newhouse 


Inventor's Signature 


Date 


2 


Residence 
Corning, NY 


Citizenship 
U.S.A. 






Post Office Address 

225 Watauga Avenue, Corning NY 14830 




Full Name 


Inventor's Signature 


Date 


3 


Residence 


Citizenship 






Post Office Address 




Full Name 


Inventor's Signature 


Date 


4 


Residence 


Citizenship 






Post Office Address 



Note: Even though inventor(s) do not sign, complete above information for inventor(s). 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re reissue patent application of: 
Hall et al. 

U.S. Patent No. 5,131,069, Issued July 14, 1992 
Serial No. 07/743,726 Group No.: 2501 

Filed: August 12. 1991 Examiner: S. Barns 

For: FIBER AMPLIFIER HAVING MODIFIED GAIN SPECTRUM 

Assistant Commissioner for Patents 
Washington, DC 2 0231 

Sir: 

CONSENT OF ASSIGNEE FOR REISSUE 
and 

ASSICTJEE^S STATEMENT OF OWNERSHIP INTEREST IN REISSUE 

I. In accordance with 37 CFR §1.172 (a) , CORNING 
INCORPORATED , assignee of the entire interest in U.S. Patent No. 
5.131.069 . granted on July 14. 1992 to inventor (s) Douglas W. 
Hall and Mark A. Newhouse , hereby consents to reissue of said 
patent for the reasons set forth in the accompanying Reissue 
Declaration. 

II. In accordance with 37 CFR §1.172 (a), said assignee 
of the entire interest in United States Patent No. 5,131,069, 
hereby establishes assignee's ownership of said patent and its 
right to take action therein under 37 CFR §3.73 (b) by: 



(X) specifying that evidence of said ownership is 
recorded in the Office for each assignment in the chain of title 
at Reel 5817 . F-rame 0102-0105 . 



Date: June 24, 1998 



CORNING INCORPORATED 

By: 




signature of officer 




Print Name: Charles W. Dp>nek:a 
Senior Vice President & 



Title : 



Chief Technical Officer 



-2- 



